Objetivo. Evaluar la relación entre factores reproductivos, estilo de vida y la ocurrencia de menopausia natural temprana. Material y métodos. Un estudio de casos y controles fue conducido en una población basal de 2 510 mujeres participantes en la "Cohorte de trabajadores IMSS". Los casos fueron definidos como aquellas mujeres que presentaron la menopausia natural a los 47 años o menos. La información fue colectada a través de cuestionarios autoapicables. 
M enopause significantly impacts upon the health of women by increasing the risk of chronic illness associated with postmenopausal hormone changes. [1] [2] [3] The altered morbidity profile of postmenopausal women not only decreases their quality of life but also results in a substantial increase in the demand for medical services. [2] [3] [4] Menopause is defined as the permanent cessation of menstruation caused by the loss of follicular activity in the ovaries. 1 Natural menopause is recognized after 12 consecutive months of amenorrhea with no other pathological or psychological causes. 5 The average age for the initiation of menopause varies significantly among populations. According to some studies, the mean for the initiation of menopause is 51.4 years in the United States, 6 51 years in Finland, 7 and 47 years in Mexico. 8 Different reproductive factors have been linked to early menopause: early age at menarche, 5,9,10 short menstrual periods, 8, 11 low use of oral contraceptives, 6, 12, 13 low parity, 9,14-16 and lack of breast feeding. 8 Some lifestyle factors have also been linked to menopause at an early age, such as a low body mass index (BMI), 17 ,18 smoking 16,19-22 and low schooling level. 6, 8, 12 It is possible that differences in the distribution of these factors in the Mexican population may explain the phenomenon of earlier occurrence of menopause. However, there is little information available on the main determinants of early menopause in Mexico. 8 The objective of this study is to evaluate the link between certain reproductive and lifestyle factors and early menopause in a sample of female employees of the Mexican Institute of Social Security (IMSS, per its abbreviation in Spanish) in the state of Morelos, Mexico.
Material and Methods
This project consists of a case/control study based on information obtained through baseline measurements from the "IMSS health workers cohort" project carried out between October 1998 and March 2000. The main objective of the IMSS project is to analyze the relationship between lifestyle factors and chronic diseases in the Mexican population. The research was approved in its reevaluation by the National Commission of Scientific Research of the Mexican Institute of Social Security, with registration number 2005-785-012. The female population of the IMSS cohort consists of 2 510 active and retired employees of the IMSS health care services in the state of Morelos. Their ages range from 37 to 89 years and the mean age at menopause is 47± 4.4 years. Due to the nature of the study, individuals with the following characteristics were excluded from the cohort: women under 47 years of age and still menstruating (62.8%), pregnant women at the time information was collected (1.8%), women who had surgical menopause before age 47 (13.2%), and women with incomplete information on their menopausal condition (2%). Also excluded from this study were women for whom premature ovarian failure occurred at an age less than two standard deviations from the mean for the study's population. 1 This was considered an independent event as analysis excluding these women (n=16) found no changes in the estimators for any of the study variables. A small number of patients presented with diabetes (n=15) but there was no significant association with the risk of early menopause. Out of 507 women (20.2%) who were included, 441 presented natural menopause; for 254 of them it occurred between ages 30 and 47 years, 187 presented it after age 47 and 66 were still menstruating.
Case definition. Women with natural menopause after 12 consecutive months of amenorrhea at age 47 or earlier were defined as cases of early menopause, as has been suggested in other studies. 23 Two hundred and fifty four cases were obtained in this way. The questions that determined case status in the questionnaire were: Do you currently menstruate? How old were you when you stopped menstruating? How many years ago did you stop menstruating? To distinguish between natural and surgical menopause, the cause of amenorrhea was investigated, with answer options being pregnancy, menopause, or surgery. Control definition. Women reporting natural menopause after age 47 or who were over 47 years of age and continued menstruating. Two hundred and fifty three controls were thus obtained.
Data collection
Participants answered a self-administered questionnaire designed to collect information on reproductive history (age at menarche, length of menstrual cycles, length of use of oral contraceptives, number of pregnancies, and duration of breast feeding), demographic characteristics (education, occupation, etc.), body mass index (BMI) at different ages, and certain lifestyle factors (smoking and physical activity). Information was also obtained on age at natural menopause, which was defined as the age at which the last episode of menstrual bleeding occurred and was not followed by another in 12 months. Participants answered the survey without knowledge of the hypothesis of this study and under identical conditions for both cases and controls. was manually codified and subsequently captured by optical reading.
Exposure Condition Assessment
Age at menarche was the reported age of initial menstrual bleeding. Three categories were created for analysis: <11, 11 to 12, and >12 years. Length of menstrual cycles was defined as the number of days from the first day of menstruation to the beginning of the following period, according to the general characteristics of cycles between the ages of 25 and 35. The following categories were established as in other studies:
9 <26, 26 to 32, and >32 days. Oral contraceptive use was defined as the accumulated time during which women took hormonal contraceptives. The categories for analysis were: <1, 1 to < 5, and ≥ 5 years, as suggested in previous studies. 6 The categories established for number of pregnancies (including full-term pregnancies) were: <2, and >2 pregnancies. The cumulative duration of breast feeding was estimated by the sum of total months a woman breast fed her different children. Two categories were created: 0 to 6 months and more than 6 months. The BMI was estimated using the participants' self reports on their height and weight. Information on body image at different ages was also collected, which allowed for an estimation of approximate BMI at the time of menopause, both for cases and controls. Studies conducted in other populations have shown that results of self-perception of body image have a tendency to be similar to those found in direct measurements of size and weight. 24 The categories for BMI were: ≤ 27 kg/m 2 and > 27 kg/m 2 , as has been suggested in other studies. 13 Education level was estimated using the highest grade achieved as reported by the participants. Three categories resulted: < 6, 6 to 12, and >12 years of education, as described in other studies. 14 In order to obtain an index of accumulated tobacco exposure, participants estimated the number of cigarettes smoked per day at different ages, from acquiring the habit, until age 40. Using information from other studies, 25 two categories were established: non-smokers or ≤15 cigarettes and smokers or >15 cigarettes per day. Birth cohorts were obtained from the participants' reports of their date of birth. Two categories were thus established: before 1949, and during or after 1950.
Analysis
The distribution of the different variables in cases and controls was explored. Central tendency measurements were made for continuous variables, and specific ratios were estimated for categorical variables by exposure category. The relationship between each of the variables of interest and the occurrence of early menopause was evaluated through logistic regression analysis. Crude and adjusted odds ratios (OR) with confidence intervals (95% CI) were estimated for each variable in the study. As a parallel analysis, the age at menopause for all 441 women who presented a natural menopause was analyzed according to specific variables. STATA 7 (Stata Corp., Texas, USA) was used for analysis.
Results
A total of 254 cases with early menopause were analyzed, having a mean age at menopause of 43.3 years (ranging from 30 to 47 years). Regarding reproductive factors, it was observed that women reporting menarche before age 11 doubled their risk of early menopause compared with women presenting menarche after age 12. We did not observe a significant association between age at menarche and early menopause (OR=2.13; 95% CI: 0.64-7.08). Out of the 441 women presenting natural menopause, those presenting menarche before age 11 had menopause 1.8 years before those who presented menarche after age 12 ( Figure 1a ). Women with a history of short menstrual cycles (< 26 days) presented a greater risk of early menopause when compared with women having long menstrual cycles (> 32 days) (OR=3.79; 95% CI 1.37-10.52) ( Table I) . Among all women presenting natural menopause, those with short menstrual cycles presented menopause 1.7 years before those with long menstrual cycles ( Figure  1a) . The average length of oral contraceptive use was 0.7 years longer for controls than for cases, with a mean of 0.6 years for cases and 1.3 years for controls (Table  II) . Risk of early menopause increased with shorter duration of oral contraceptive use. Women using them for less than a year presented a risk 2.6 times greater than women using them for more than five years (RM=2.63; 95% CI 1.10-6.29) (Table I ). An increased number of pregnancies tended to be inversely associated with risk of early menopause. Women with less than two pregnancies presented an odds ratio of 1.63 (95% CI 1.03-2.57) with respect to women having two or more pregnancies (Table I) . Women who breast-fed for less than six months had a slight increase in the risk of early menopause with respect to those who breast-fed for more than six months; however, this was not statistically significant (OR=1.28; 95% CI 0.86-1.90) ( Table I) .
The percentage of cases and controls with a BMI ≤27 kg/m 2 at menopause was 59.8% and 51.4%, respectively (Table II) . Women with a BMI ≤27 at menopause had a 64% greater risk of early menopause than those with a higher BMI (OR=1.64; CI 95% 1.10-2.43) ( Table I) . A difference of 1.9 years in age at menopause was found between these categories of BMI (Figure 1b) . With regards to schooling, 35.2% of controls and 26.8% of cases had achieved a level of more than 12 years, while 4.7% of controls and 7.5% of cases had a schooling level of less than 6 years (Table II ). Women with a schooling level of 6 to 12 years showed twice the risk of early menopause than women with a schooling level of more than 12 years (OR=2.18; 95% CI 1.4-3.39). For women with a schooling level of less than six years the risk trebled (OR=3.02; 95% CI 1.26-7.23) ( Table I) . In relation to smoking, 3.6% of controls and 5.1% of cases smoked more than 15 cigarettes per day before age 40 (Table II) . Smokers presented a risk of early menopause almost three times to that of non-smokers (OR=2.70; 95% CI 1.00-7.30) ( Table I) . On average, smokers presented natural menopause 0.6 years before non-smokers (Figure 1b) . The association of physical activity during daily life activities with age at menopause is very similar to the association observed for physical activity during free time. But as this association is not statistically significant (OR=0.83; CI 95% 0.55-1.25), it is not included in the final model. The analysis that was carried out included physical activity during daily life activities, and no changes were found in the estimators for the rest of the variables evaluated.
The percentage of cases and controls belonging to 1950 or later birth cohorts was 41.3% and 17.4%, respectively. The risk of early menopause for the 1950 or later birth cohorts was four times greater than that of earlier cohorts (OR=4.09; 95% CI 2.62 -6.39) ( Table I) . The difference in the means for age at menopause between these cohorts was 2.8 years (Figure 1b) .
Discussion
The results of this study show inverse associations between different reproductive factors that were considered key determinants of ovulation and risk of early menopause. These factors include age at menarche, length of menstrual cycles, contraceptive use, parity, and breast-feeding. 9, 12 The data presented suggest that some lifestyle factors, such as smoking, low BMI, and low schooling level also carry a greater risk of early menopause. These findings are consistent with the results of previous studies. 17, 26, 27 In this study, presentation of menarche at an early age did not have a statistically significant association with early menopause. Studies in the North American population show that women presenting menarche prior to age 11 have a 53% increase in the risk of early menopause in comparison to women presenting menarche after age 12. 5 In our study, women presenting menarche before age 11 presented menopause at age 44.4, and those with menarche after age 12 presented menopause at age 46.2 ( Figure 1a) . This is consistent with the results of other studies. 25 Previous studies show that women with short menstrual cycles (< 26 days) present menopause two years before those who had longer cycles (> 32 days). 9, 12 Our data show similar results with a difference of 1.7 years between both groups (Figure 1a ). An association between long menstrual cycles and late menopause has been suggested. This is compatible with the idea that menopause occurs after the exhaustion of available follicles. 5, 9 Since early menopause is associated with anovulatory short menstrual cycles (< 26 days) and late menopause is associated with anovulatory long menstrual cycles (> 32 days), it appears that the age of menopause presentation is not linked directly to anovulation, but to the length of menstrual periods. Analyses among different ethnic groups in the United States have reported that women who took oral contraceptives for a longer period had a lower risk of early menopause than those who had a shorter period of intake. 6, 12 We observed similar results: women who used contraceptives for more than five years presented menopause 2.8 years later than women who used them for less than a year (Figure 1a) . A study conducted in Mexico reported an increase in the age at menopause with an increase in the number of children born. 15 In different populations women who never bore children presented menopause between 0.8 and 1.7 years before those who did. 12, 14 Our findings are consistent with these reports. In addition, social and physical stress have been linked to a greater frequency of anovulatory cycles. 28 A low socioeconomic level or a low schooling level could mark higher stress conditions. 6 A low socioeconomic level along with an inadequate diet may be linked to the occurrence of early menopause. 10, 26, 29 A study of women in the United States reports that among women with a schooling level higher than 12 years, menopause occurred a year after those who received less education. 12 These results are consistent with ours, where women with a schooling level of less than six years presented menopause five months earlier than those with a schooling level higher than 12 years (Figure 1b) . BMI seems to be another determining factor for age at menopause; however, the results found in some studies are inconsistent. Several cross sectional studies did not find an association; 6, 7, 12 nevertheless, some prospective studies report an inverse association between BMI prior to menopause and a risk of early menopause. 17, 21 Women in the United States in the lowest BMI quintile presented a relative risk of early menopause of 1.15 when compared with women in the highest quintile. 17 Our findings are similar to those results (OR=1.64; 95% CI 1.10-2.43). This phenomenon could be explained by a higher estrone production in the adipose tissue of obese women. High levels of circulating estrogens could contribute to prolonging perimenopausal bleeding events. 6, 17 No studies evaluating the link between physical activity and the occurrence of menopause have found a clear association. 11, 26 The association between physical activity and age at menopause observed in our study should be interpreted with some reservations, given that physical activity during the past year may not reflect the usual pattern of physical activity before menopause occurrence.
A link between smoking and early menopause has been found in different studies and in different populations. Studies report that smokers present menopause between six months and two years earlier than nonsmokers. 7, 14, 25 In our population smokers presented menopause 0.6 years before non-smokers. Different biological mechanisms have been proposed to explain this association, including toxic effect on ovarian germinal cells, as well as alterations in estrogen metabolism. 19 Previous studies in Mexican urban populations are scarce. Nevertheless, studies exist that have explored reproductive as well as certain lifestyle variables (age at menarche, number of pregnancies, oral contraceptive use, breast feeding, cigarette smoking, education). 8, 15, 16 Our findings are perfectly consistent with those variables studied in previous reports.
The results in our study that compare birth cohorts with regard to age at menopause do not agree with some previous reports. 13, 14, [30] [31] [32] A good explanation for this inconsistency has not been identified. However, it is important to say that some other studies do not find any cohort effect, 14 nor observe a clear trend across birth cohorts. 31 This paper reports that the youngest birth cohort (1933) (1934) (1935) (1936) (1937) has an adjusted mean of 49.6 years compared to 50.2 years among an older cohort (1928) (1929) (1930) (1931) (1932) , but then again the adjusted mean age decreases in the same magnitude (adjusted mean age= 49.9) for those in the 1923-1927 birth cohort. Studies from Japan have mainly evaluated women from earlier birth cohorts than our study, so comparison of birth cohorts is made with older ones. 31 Some findings suggest an inverse association between age at menopause and older birth cohorts. 13, 30 These results may be explained in different ways, but as suggested by the same authors, "it is possible that the difference in early menopause proportions might be attributed to the fact that the early lives of the two generations were differently influenced, in particular, by the second world war and nutritional circumstances". 30 Another potential explanation for the differences with our results may be that the previous studies were carried out in much older cohorts than our population, and it may be possible that younger cohorts present an earlier menopause because of the effect of different reproductive and lifestyle patterns (especially with regards to diet and exercise).
Given the importance that age of menopause has on the health of older women, reproductive history and socioeconomic factors have been analyzed in the Mex-ican population in previous research. Our results are consistent with the results of those studies. Apart from analyzing these reproductive and socioeconomic factors, other variables were also included that have not been previously analyzed in the Mexican population, such as BMI and birth cohort. The analysis of these additional factors contributes to the knowledge of menopause in the urban Mexican population.
This study found that women who presented early menopause differ from controls in certain reproductive factors such as menarche, length of menstrual cycles, length of use of oral contraceptives and time of pregnancy. At the same time, lifestyle factors such as BMI, schooling and smoking also contribute to the presentation of early menopause. These results may be generalized to the urban working population in Mexico, which represents about 60-70% of the Country's entire population. Overall, our results suggest that both reproductive factors as well as lifestyle have an important effect in the occurrence of early menopause in Mexican women.
